''You are what you eat'', ''one man's meat is another man's poison'', ''nature versus nurture'': such adages reflect a long-standing appreciation of the influence of diet on health, different responses to diet between individuals, and the roles of both diet and genetics in shaping phenotype. The additional connection between diet and fertility is an ever-expanding area of interest both in the scientific and popular literature. A recent web search of ''fertility diet'' returns over 150,000 hits. How do genetic differences influence the response to food? And how do diet and genetics conspire to influence fertility?
Using Caenorhabditis elegans as a model, a recent study published in Current Biology by Gracida and Eckmann [1] demonstrates how a combination of diet and genetics can radically influence fertility. The key finding is that the activity of a C. elegans HNF4-like nuclear hormone receptor (NHR), nhr-114, is the critical arbiter of fertility versus sterility, but only in combination with certain Escherichia coli food sources. Specifically, nhr-114-deficient worms are fertile when fed on strains derived from E. coli K-12 but are sterile when fed on a diet of E. coli B-derived strains ( Figure 1 ). The germline defects underlying sterility in animals with reduced nhr-114 activity on a diet of E. coli B strains include a failure to produce oocytes, defects in cell division and overall loss of nuclear and cellular integrity of the proliferating pool of germline stem cells. These defects first appear during larval development when the germline stem cell pool would normally expand. In addition, most of the germline defects were rescued by nhr-114 activity in the intestine.
NHR-114 is one of over 250 NHRs encoded in the C. elegans genome, most of which are thought to have arisen by duplication from a common HNF4-related ancestor [2] . Other so-called 'supplementary nuclear receptors' have been implicated in many aspects of C. elegans biology, including metabolism, morphogenesis, longevity and the germline [3] [4] [5] [6] .
Remarkably, the authors determined that the sterility caused by the combination of nhr-114 depletion and an E. coli B diet could be circumvented by prior supplementation of the live bacteria with tryptophan (Trp). That is, nhr-114-deficient worms fed on E. coli B supplemented with Trp are fertile ( Figure 1 ). While Trp is an essential amino acid for C. elegans [7] , the effect is not likely due to direct uptake of Trp by the worms since nhr-114-depleted worms fed heat-or UV-killed E. coli B bacteria supplemented with Trp were not fertile. However, nhr-114 worms fed dead bacteria were fertile, provided the bacteria were supplemented with Trp for a sufficient time while they were still alive.
Transcriptional profile analysis suggested an underlying role for detoxification pathways as a plausible mechanistic basis for the observed differences in the phenotypic responses to diet and nhr-114. The authors compared global patterns of gene expression of wild-type worms fed the E. coli B-derived OP50 strain with and without Trp supplementation and found that genes associated with detoxification and xenobiotic responses were induced by Trp supplementation. Next, they identified genes whose expression was altered by depletion of nhr-114 compared with a strain that essentially lacks germ cells. Among the w2000 genes in the latter set, over a quarter overlapped with the Trp set. Of these, over half were reciprocally regulated (down in nhr-114(-) and up in Trp supplementation), as would be expected if Trp supplementation and nhr-114(+) activity were acting similarly. Notably, this set includes genes regulated by HNF4 in mammals.
The model proposed from these studies is that scarce Trp or reduced Trp metabolism in the E. coli B-derived strain leads to the production of toxins or toxic metabolites that are normally cleared by nhr-114-dependent processes. When nhr-114 activity is reduced in the intestine, the germline becomes susceptible to the adverse effects of these toxic dietary metabolites, leading to progressive germline failure and sterility. In this model, nhr-114(+) acts as a buffer to preserve fertility in the presence of toxic metabolites introduced by certain diets. A related model is that nhr-114(+) promotes germline maintenance in parallel with a Trp-dosage-dependent metabolite, such that elevating the concentration of Trp compensates for loss of nhr-114. In this model, the E. coli K-12 strain would presumably supply the necessary factor even in low Trp conditions. Regardless, Trp supplementation alters the metabolic landscape of E. coli B-derived bacteria such that nhr-114 is no longer necessary for worm fertility. The key differences between E. coli B-and K12-derived strains that underlie the exquisite sensitivity to Trp (as far as their utility as worm food is concerned), as well as the nature of the putative toxic substances that could interfere with fertility in the absence of nhr-114, are of considerable interest, as are the relevant ligands and targets of nhr-114.
These results have many implications. First, they demonstrate an underappreciated (and somewhat unsettling) effect of relatively small changes in diet on organismal phenotype. Loss of other genes will likely uncover 'diet-sensitive' phenotypes, analogous to mutations that uncover inherently 'temperaturesensitive' processes. It will be of interest to determine whether such differences are commonly traced to detoxification pathways, or whether they result from other processes related to specific primary or secondary functions of dietary metabolites.
These findings also have implications for practical aspects of C. elegans genetic manipulation in the laboratory. Standard laboratory worm 'chow' is OP50, an E. coli B-derived strain, while the host for RNAi feeding experiments used routinely for both gene-specific and genome-wide RNAi knockdown is HT115, an E. coli K-12-derived strain. As the authors point out, the HT115 RNAi-feeding diet may have masked similarly 'diet-sensitive' phenotypes that would be visible in animals fed on OP50. Differential sensitivity of genes to RNAi feeding (versus injection, for example) may therefore reflect not only differences in RNAi spreading, overall RNAi efficacy or timing of delivery, but also a differential response to food-source bacteria. Genes that mutate to different phenotypes on different food sources should be relatively straightforward to identify using screening approaches that test for phenotypic variation on different foods.
NHR activity appears to link overall organism status and the germline. For example, NHRs are implicated in the ability of worms to mount a late-stage radical germline salvage response to starvation [8] . In addition, certain dietary omega-6 polyunsaturated fatty acids cause sterility, an effect that is modulated by the activity of NHRs and detoxification pathways [9, 10] . Taken together with the results in the paper by Gracida and Eckmann [1] , these studies suggest that detection of altered amino acid levels or specific metabolites from prey bacteria may signal a poor environment for reproduction, and NHRs are required to detect and respond appropriately at the organismal level. In the other direction, NHR signaling mediates germline influences on organismal metabolism and longevity [11, 12] .
The Gracida and Eckmann study [1] underscores the fascinating relationship between diet and genetics, especially as it influences reproduction. While evident for centuries, and driving a controversial field of 'nutrigenomics', this nature-nurture crosstalk has extremely broad implications. For example, many stem cell systems respond to organismal diet [13, 14] , and metabolic links with cancer are under intense scrutiny [15] . Genetics and diet are easily manipulated in relatively simple model organisms. Since these responses involve highly conserved cellular, metabolic and genetic pathways and processes, these organisms represent a particularly powerful means to parse the complex connections between diet, physiology and genetics.
